Inosine pranobex (inosine dimepranol acedoben, isoprinosine) (Inos) is an immunomodulatory and antiviral drug used in some viral infections, especially in patients with weakened immunity. In the present study, eff ects of Inos on the production of cytokines a ributable to Th1 (IL-2, IFN-g, and TNF-a) or Th2 cells (IL-4, IL-5, and IL-10) were tested in human peripheral blood lymphocyte cultures stimulated with phytohemagglutinin (PHA). Inos enhanced TNF-a secretion signifi cantly (in short-term -24-hour, and prolonged term -72-hour cultures) and . Surprisingly, production of IL-10 by PHA-stimulated lymphocytes was suppressed by Inos in a dose-depen dent manner in both 24-hour and 72-hour cultures. These results shed some light on immunomodulatory properties of Inos and suggest applicability of this agent in patients with a depressed function of the immune system.
In vitro studies have revealed that Inos potentiates mitogen-induced proliferation of T lymphocytes (7, 8, 11) , NK cell activity (11) , and stimulates production of some cytokines (12) . There are suggestions that Inos augments preferentially the Th1 cell function but detailed studies have not been conducted.
The immunomodulatory eff ect of Inos on cells of the immune system can be partly a ributed to the infl uence of this agent on cytokine production and secondary eff ects of these mediators on the cell function and activity. Inos has been shown to co-stimulate production of IL-2 in cultures of lymphocytes incubated with mitogen (12) and overproduction of this cytokine may certainly explain the increased rate of lymphocyte proliferation in the presence of Inos.
In the present study, we examined a cytokine profi le (IL-2, IL-4, IL-5, IL-10, IFN-g, and TNF-a) produced by PHA-stimulated human peripheral blood lymphocytes co-incubated with diff erent concentrations of Inos. Given that cytokines form a complex regulatory network and are produced sequentially (13, 14) , the levels of cytokines were measured independently in one-and three-day lymphocyte cultures.
EXPERIMENTAL

Preparation of cells
Peripheral blood mononuclear cells (PBMCs) were prepared from buff y coats obtained from the Regional Centre of Blood Donation and Blood Therapy, Warsaw, Poland. The cells were isolated by the Ficoll-Hypaque (Histopaque-1077, Sigma-Aldrich, USA) density gradient sedimentation. A er washing in PBS, PBMCs were counted and aliquoted in cryotubes (1.8 ´ 10 7 cells in 1.8 mL of 9 % DMSO in culture medium). All cryotubes were then placed into a freezing container (Nalgene, Sigma-Aldrich), cooled to -80 °C overnight and transferred to liquid nitrogen.
Inosine pranobex
Inosine pranobex was kindly provided by Gedeon Richter Polska, Poland. Shortly before experiments, stock solutions of Inos were prepared in culture medium (1 mg mL -1 ), fi ltered (0.2-mm pore size) (Filtropur S 0.2, Sarstedt, Germany), and adequate volumes of stock solution were added to lymphocyte cultures to obtain fi nal concentrations: 50, 100, or 200 mg L -1 .
Culture conditions and stimulation of cytokine production by lymphocytes
A er thawing and washing in PBS, cryopreserved PBMCs were re-suspended in RPMI-1640 medium supplemented with antibiotics (penicillin, 100 U mL -1 and streptomycin, 0.1 g L ) in 24-well plates (BD Falcon) (2 ´ 10 5 cells in 1 mL) for 24 or 72 hours. At the end of incubation period, culture supernatants were collected, centrifuged, frozen and kept at -80 °C before being analyzed. We decided to stimulate cells with PHA instead of other stimulants (e.g., anti-CD3 monoclonal antibodies) to enable a comparison of our results with other authors.
Measurement of cytokine level in culture supernatants
Cytokine concentrations were measured in supernatants from cultured lymphocytes, isolated separately from seven buff y coats obtained from the Regional Centre of Blood Donation and Blood Therapy. To characterize Th1/Th2 cytokine profi les in culture supernatants, a BD TM Cytometric Bead Array (CBA) human Th1/Th2 cytokine kit was used (BD Biosciences, USA) according to the manufacturer's protocol. Samples were acquired using a FACSCalibur fl ow cytometer (Becton-Dickinson, USA). BD CellQuest So ware was used to analyze the samples and data were forma ed for subsequent analysis using the BD CBA So ware.
Flow cytometry
Identifi cation of T cells expressing receptors for IL-2 was performed using PE mouse anti-human CD3 and FITC mouse anti-human CD25 monoclonal antibodies (both from BD Biosciences). Lymphocytes, prepared as described above, were cultured with PHA (5 mg L 
Statistical analysis
Data are expressed as the mean ± SEM of absolute values of cytokines in lymphocyte cultures for n = 7 donors. Statistical analysis was performed using paired Student's t-test (two-tailed).
RESULTS AND DISCUSSION
Eff ects of Inos on cytokine production by resting lymphocytes
The profi le of Th1-and Th2-type cytokines produced by resting (unstimulated) lymphocytes, incubated with diff erent concentrations of Inos, was tested either in 24 or 72-hour cultures (Table I) . No IL-4 and IL-5 or trace quantities of these cytokines were produced either in control cultures (incubated without Inos) or in cultures of lymphocytes incubated with 50, 100, or 200 mg L -1 Inos. Very low amounts of IL-2 were found in supernatants from 24-hour lymphocyte cultures, both in controls and in cultures incubated with Inos. Low production of IL-2 was also observed upon prolonged, 72-hour incubation. No correlations between IL-2 levels and Inos concentrations were found. Higher amounts of IFN-g were produced in both controls and lymphocyte cultures incubated with Inos but, like in cultures assessed for IL-2, no relationships between the amounts of IFN-g and Inos concentrations were found. In contrast to IL-2 and IFN-g, signifi cantly higher amounts of TNF-a were detected in supernatants from 24-hour cultures than in those from prolonged incubations. However, similarly to IL-2 and IFN-g, large interindividual variability of the cytokine levels was observed and no clear dependence on Inos concentrations and no statistically signifi cant diff erences were observed. Notably, the level of TNF-a production was inherent to the individual donor rather than to culture conditions and the presence of Inos during incubation. IL-10, unlike other cytokines, was produced in comparable amounts in 24-and 72-hour cultures. Similarly, however, large interindividual diff erences in the level of this cytokine were found. Peculiarly, some inverse trends were observed: lowest amounts of IL-10 predominated in lymphocyte cultures incubated with higher concentrations of Inos mean ± SEM [in 24-hour cultures: controls (172 ± 65 ng L 
Eff ects of Inos on cytokine production by PHA-stimulated lymphocytes
Production of Th1-type cytokines. -There were striking diff erences in the level of IL-2 in supernatants from 24-and 72-hour cultures of PHA-stimulated lymphocytes: amounts of IL-2 were more than 30 times lower upon prolonged incubation in comparison with 24-hour cultures (mean 12 vs. 386 ng L -1 ). The level of IL-2 in 24-and 72-hour cultures did not correlate with Inos concentrations (Fig. 1a) . Similarly to IL-2, the presence of Inos in 24-hour cultures of PHA-stimulated lymphocytes did not aff ect the level of IFN-g (Fig. 1b) . However, prevalence of higher amounts of this cytokine was observed in 72-hour cultures in which lymphocytes were incubated with 200 mg L -1 Inos (Fig. 1c) . TNF-a is a pleiotropic cytokine produced mainly by mononuclear phagocytic cells but also by stimulated Th1 cells and NK cells (13, 15) . In our studies, a dose-dependent relationship between the cytokine level and Inos concentration was observed in 24-hour cultures (Fig. 1d) . Similarly, the highest amounts of TNF-a were found in supernatants from PHA-induced lymphocyte cultures incubated with the highest concentration of Inos in 72-hour cultures (185 % of controls, p < 0.05, Fig. 1e ).
The order, amount and rate of cytokine production, both in vivo and in vitro, are characteristic of each individual cytokine and result from cross-regulatory interactions be- tween cytokines, the strength of the stimulus and other factors (13, 16, 17) . The type of cytokines as well as the sequence of their production in our studies were similar to those reported by other authors (14) .
The ability of Inos to infl uence production of IL-2 (and some other cytokines) was tested in ex vivo experiments in the past, in mitogen-stimulated lymphocyte cultures from animals or patients treated with this drug. Splenocytes from mice treated with Inos produced more IL-2 in comparison with the controls (12) but the eff ect was not observed in lymphocyte cultures in HIV-infected patients treated with Inos (18). In the la er studies, the authors also reported no eff ects of Inos on the production of IL-1, IL-6, and TNF-a. In a mouse model (mitogen-stimulated splenocytes incubated with Inos), Inos did not aff ect the production of IL-4 and IFN-g in 24-hour cultures. These results diff ers from those obtained in our studies but may be a ributed to the diff erent sources of lymphocytes (mice vs. humans), mitogen (Con A vs. PHA), diff erences in assays used to measure cytokines (bioassay vs. CBA FACS), and concentrations of Inos used during incubation [lower doses of Inos were used, for example, in the study by Milano (12)]. Notably, the activity of IL-2 and IFN-g was higher, and the IL-4 level was lower in mitogen-driven cultures from mice treated with Inos. The authors suggested preferential promotion of the Th1-type response by Inos (12) . Our results are consistent, in part, with this suggestion.
In a recent paper by Petrova et al. (19) , the eff ect of treatment with Inos on serum cytokine level was examined in ten healthy adults. Increased levels of IL-2, IL-10 and TNF-a were observed following Inos administration. However, methodological shortcomings (lack of controls) and ambiguous interpretations of some results make this study diffi cult to comment.
Production of Th2-type cytokines. -IL-4, the canonical Th2-type cytokine, was produced in small amounts in 24-hour cultures of PHA-stimulated lymphocytes and in negligible amounts (mostly less than 10 ng L -1 ) following prolonged incubation. In 24-hour cultures, Inos seemed to co-stimulate IL-4 production in a dose-dependent manner (mean amounts for 0, 50, 100, and 200 mg L -1 concentrations of Inos were 24.7, 25.1, 25.7, and 27.7 ng L -1 IL-4, respectively) (Fig. 2a) . However, due to high interindividual variability, no statistically signifi cant diff erences were found. Similarly, although the highest levels of IL-5 were consistently demonstrated when PHA-stimulated cells were co-cultured with the highest concentrations of Inos, the diff erences between Inos and the controls did not reach statistical signifi cance (Figs. 2b and c) . In comparison with IL-4 and IL-5, levels of IL-10 in PHAstimulated cultures of lymphocytes were, generally, much higher (about 20 times). Moreover, a quite diff erent eff ect of Inos on IL-10 production was observed: the negative relationship between Inos concentration and the amount of IL-10 in the culture supernatant was obvious. In 24-hour cultures, for example, mean values for 0, 50, 100, and 200 mg L , respectively (Fig. 2d) . Lower amounts of IL-10 prevailed also in supernatants from cultures of lymphocytes co-incubated with Inos for 72 hours but a statistically signifi cant diff erence, compared to the controls, was observed only for 50 ng L -1 Inos concentration (Fig. 2e) .
The dose-dependent decrease of IL-10 production in cultures with Inos, in contrast to more or less co-stimulatory eff ects of Inos on the production of other cytokines, does not seem to be accidental: the same pa ern of response (the higher the concentration of Inos, the lower the amounts of IL-10 in cultures) was shown in all but one donor, in supernatants collected in three independent experiments. IL-10 is a broadly expressed cytokine playing a dominant role in suppression of innate and adaptive immunity (20) and is produced mainly by monocytes and macrophages but also by lymphoid cells such as Th2, Tgd cells, and B lymphocytes (14, (20) (21) (22) (23) , and, under certain conditions, by Th1 cells (22, 23) . It belongs classically to the group of Th2-type cytokines but in humans it is also produced in large amounts by a subset of regulatory T cells -Tr1 lymphocytes (20, 24) . Although it cannot be excluded that small quantities of IL-10 in supernatants in our experiments derive from residual phagocytic cells (monocytes), the strong dependence of IL-10 production on the presence of PHA in cultures clearly shows that the primary source of this cytokine are lymphocytes. We cannot off er an unequivocal explanation of lower levels of IL-10 detected in cultures incubated with Inos but, since IL-4 and IFN-g have been reported to inhibit production of this cytokine (20, 22) , it may be that the suppression of IL-10 production is, 
CONCLUSIONS
The present paper clearly shows modulatory eff ects of Inos on cytokine production in PHA-stimulated lymphocyte cultures and provides, for the fi rst time, the evidence that Inos does not only stimulate eff ector functions of lymphocytes but can also suppress regulatory (inhibitory) mechanisms. Since the immune dysfunction is o en associated with some viral infections (25, 26) , our studies show that application of Inos could be benefi cial, as an adjuvant therapy, in selected groups of patients, e.g., those suff ering from recurrent viral infections.
Abbreviations. -BD -Becton Dickinson, DMSO -dimethyl sulfoxide, IFN -interferon, IL -interleukin, Inos -inosine pranobex, NK -natural killer, PBMCs -peripheral blood mononuclear cells, PHA -phytohemagglutinin, TNF -tumor necrosis factor.
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